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operator  to  easily  establish  crosslink  from  the 
ground  terminal  usinR  pointing  angles  calculated 
elliti'S  iro  three--ixis  '^""'puter  using  spacocratt  derived 

, are, -raft  whirl,  „r„v  i poititiiiR  parameters. 


The  l.nS-8  and  -9  s.iteliites  are  three-axis 
stahilited  earth-orbit  spacecraft  uhich  provide 
comjminicat ions  at  UllF  and  K-band  frequencies  with 
the  capability  of  ‘^imult.meously  establishing  and 
automatically  m.iintaining  a K-b.ind  (36-38  lUlz) 
satel 1 ite-to-satel I i te  data  link.  Narrow  beam  (1 
deg)  antentus  are  used  which  incorporate  flat 
reflecting  plates  ft>r  beam  pointing  in  such  a way 
that  slip  rings  or  waveguiile  rotary  joints  are 
not  required.  Tho  .intenna  beams  .ire  electrically 
lobed  by  sequentially  switching  offset  feedborns 
to  produce  error  sigiuls  for  auti'tracking. 

Spatial  acquisition  is  accv*m]' li shod  by  a vligital 
pointing  control  which  scans  the  spatial  uncer- 
tainty while  an  autotrack  receiver  eliminates 
frequency  offsets  and  dopplcr.  Link  acquisition 
is  acci>mp  1 i shed  when  the  antenn-i  boresights  are 
aligned  and  the  received  signals  are  in  the 
receiver  passbands.  Hie  link  can  support  .i  data 
rate  of  lO  or  IDO  kh/s,  depending  .»n  satellite 
separation,  while  maintaining  antenna  beam 
alignment  of  0.01  degrees,  [differences  in 
spacecraft  timing  and  doppler  effects  are  accom- 
modated by  .in  ’’elastic”  shift  register  which 
inserts  a van. ible  delay  t"  illow  synchnmi  :at  i on 
of  the  crosslink  frame  t>  the  nominal  downlink 
frame  so  that  simple  t imo-muVt iplexiug  will  yield 
.1  downlink  cont  lining  both  cr^'  .-  link  .ind  uplink 
data  St  reams . 

The  inter-s.it  el  1 1 1 o dafi  r>  •"link”  extends 
the  earth  c<n'erage  »ver  rhit  whuh  a single 
satellite  can  provide  and  demonstrates  how  i 
global  communicat  ii>ns  system  might  be  roili:ed 
without  the  restrictions  imposed  by  ground 
rel.iy.  Crosslink  inienna  p\)intirig  .ingles  have 
been  used  as  a reference  for  the  Attitude  Control 
system  to  maintain  satellite  spatial  orientation 
without  any  earth  references.  Du*  link  also 
includes  capability  to  relay  Command  .ind  Iclemetry 
so  that  control  of  .»  spacecraft  not  nominally  in 
range  of  any  ground  station  is  achieved. 


IMKODUCnON 

Die  IIS-S  and  -9  satellites  are  three  axis 
st.ihilired  spacecraft  which  were  placed  into  geo- 
synchronous orbit  on  M.irch  11,  ID'o.  Fach  satel- 
lite provides  earth  c.^mmunicat i i>ns  in  the  military 
mil  baud  througli  a ID-dR  gain  dipole  array  and  at 
k-band  Cllz)  thr.Migh  a 25-dR  gain  horn  antenni. 

spacecraft  are  also  capable  of  simul  t meously 
est.iblishing  and  automat  ical  ly  maintaining  a K- 
band  sat e 1 J i t e-to-sat el  1 1 te  data  link  The 
inter-satellite  dat.i  "crosslink”  extends  the 
earth  cover  ige  over  that  which  a single  spacecr.ift 
can  provide  by  allx'iwing  the  retransmission  of 
information  initi.iilv  received  by  one  satellite 
-n  the  downlink  of  the  other  satellite.  The 
crosslink  can  support  a data  rate  J.-l  to  lOn 
kh/s  while  providing  e.irth  coverage  for  the  up 
and  downlinks  deternined  by  the  DHl  »nd  k-horn 
ant enn.i  be.imw  idt  h*-  an^l  the  sat e 1 1 1 1 c - 1 ■ '-s.it el  1 1 to 
ccntr.il  separ.it  i *n  mgU*  of  up  ts*  lOO  degrees 
(see  Fig.  I 
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The  paper  describes  the  operation  and 
characteristics  of  the  lobing  antenna  and  pointing 
control,  the  solid  state  transmitters  and  receiv- 
ers, the  autotrack  receiver  md  elastic  shift 
register,  ('iround  hascil  .ind  post -launch  tost 
results  of  pointing  and  conmmnicat ion  systems  are 
presented.  Also,  a user-oriented  system  is 
described  which,  among  other  features,  allows  .in 


I ach  spacecraft  emjiloys  solid  st.itc  components 
in  redundant  conf igurat i"ns  wherever  possible  to 
enhance  satellite  reiiabilitv  and  lifetime.  In 
keeping  with  this  philosophy,  four  silicon  Imp.itt 
diodes  .ire  combined  in  the  output  of  the  K-h.and 
crosslink  transmitters  to  reliably  generate 
O.Swatt  RPSK  modal. ited  sign.il.  The  crosslink 
receivers  each  incorporate  two  gallium  arsenide 
diodes  in  a bai.incod  mixer  design  which  provides 
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.»  7-dB  frant-end  noise  figure.  The  desired 
satel I i te-to-satel 1 ite  data  rate  of  100  Kbps 
together  w’th  the  available  transmitter  output 
power  and  receiver  noise  figure  dictate  crosslink 
antenna  gains  of  about  42-dB  for  a satellite- 
to-satellite  separation  of  40,000  km.  (See  Link 
I'aiculat  ion,  fig.  2) 
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The  antenna  gain  is  provided  by  a pair  of 
IH-inch  parabolic  dishes  (one  per  spacecraft) 
but  the  resulting  narrow  beamwidths  (1  degree) 
require  the  alignment  of  th“  antenna  borcsights 
along  the  line  of  sight  between  the  spacecraft. 
Antenna  pointing  is  provided  by  controlling  the 
orientation  of  flat  reflecting  plates  to  redirect 
the  beams.  This  technique  has  the  advantage 
that  no  rf  rotary  joints  are  needed.  The  plates 
are  supported  by  elevation  over  acimuth  position- 
ers which  incorporate  integral  resolvers  that 
have  been  aligned  to  the  satellite  physical  .axes 
so  that  the  antenna  beams  can  be  pre-pointed  in 
any  desired  direction  over  a r inge  of  t 10 
degrees  in  elevation  and  * S2  degrees  a:imuth. 
Drushless  dc  tachometers  and  torque  motors  are 
used  in  conjunction  with  wire  crossovers  to 
provide  damping  and  pointing  torque  without 
resorting  to  slip  rings.  Ihe  pointing  control 
also  accepts  pointing  error  signals  pmduced  by 
electrically  lobed  feedhorns  and  auti-track 
receivers  such  that  link  acipiisition  is  assured 
if  the  antenna  boresights  are  within  0.*’  degrees 
of  each  other  and  the  boresight  ^ 40  dB. 

If  the  antenna  boresights  are  not  within 
0.7  degrees  of  each  other  the  pointing  controls 
have  available  (by  Command)  a SCAN  mode  whereby 
the  antenna  beams  are  automatically  stepped  over 
a spatial  uncertainty  of  2.1  degrees  x 5.S 
degrees  in  0.7  degree  steps  while  the  autotrack 
receivers  sweep  a frequency  uncertainty  of  t 5 
KHz.  The  spatial  scan  range  was  sized  to  overcome 
the  3a  uncertainty  in  pointing  direction  due  to 
tolerances  in  attitude  control,  orbit  fit  and 
spacecraft  structural  deflections  while  the 
frequency  sweep  accommodates  doppler  and  crystal 
oscillator  drift.  Our  post-launch  experience 
has  been  that  pre-acquisition  pointing  angles 


are  usually  within  0.5  d''grees  of  antenna  boresight. 

Due  to  the  many  modes  of  LES-8/9  and  the 
large  number  of  potential  users,  the  basic  timing 
was  selected  to  run  off  real  time,  or  UTC,  so 
that  uplink  and  downlink  synchronization  for 
several  modes  can  be  achieved  with  only  a knowl- 
edge of  UTC.  The  reception  of  crosslink  data 
from  another  satellite  is  therefore  complicated 
because  the  instantaneous  data  rate  over  the 
crosslink  will,  in  general,  be  slightly  different 
from  the  downlink  data  rate  of  that  same  satel- 
lite due  to  the  variable  sate  11 ito- to-sate 1 1 i te 
separation.  To  overcome  this  basic  difficulty  wc 
have  employed  an  elastic  shift  register  (bSR) 
which  is  a variable  length  buffer  capable  of 
slightly  different  input  and  output  rates.  Pro- 
vision is  made  for  the  long-term  effect  of  higher 
or  lower  relative  clock  rates  at  input  and  output 
by  allowing  the  F:SR  to  delete  or  repeat  frames  of 
50  bits.  lising  entire  50-bit  frames  avoids 
disturbing  the  frame  sync  in  the  ground  terminals, 
while  in  addition,  1 second  warning  is  given  of 
an  impending  frame  deletion  or  repetition  by 
modification  of  a communicat ions  sync  code  and  by 
To lemetry . 

The  synchronizer  following  the  FSR  establishes 
where  to  tap  the  buffer  so  that  i crosslinl-  frame 
will  coincide  with  a downlink  fr.ime  to  .illow 
easily  demodulated  TPM.  In  its  acquisition  mode, 
the  sviichroni zer  tests  subsequent  bit  positions 
for  fewer  than  ''  frame  sync  failures  in  32  frames. 
Achieving  this  at  some  point,  The  monitor  mode  is 
entered  wliich  must  find  fewer  than  10.3  out  of 
25(>  possible  frame  sync  failures  to  maintain  this 
tap  position.  Average  time  to  acquire  frame  syiu. 

.at  100  kb/s  is  O.IS  msec.  \fter  fr.imc  sync  is 
cstabUshed,  the  system  must  acquire  parity  ssnic 
on  the  low  rate  (200  bps)  data  multiplexed  into 
the  crosslink  so  that  tclemetrs  and  low  rate 
uplink  data  received  by  the  other  satellite  is 
successfully  routed  to  the  8-ary  UMl-  downlink. 

Worst  case  acquisition  time  for  this  mi'dc  is  about 
10  seconds. 


In  view  of  the  complex  nature  of  the  cross- 
link communicat  ions  system  on  l.ILS-8/9,  a compre- 
hensive, yet  manageable,  control  center  for  these 
functions  was  a logical  result  of  a desire  to 
fully  understand  an<l  exercise  the  various  s;it- 
ellite  links.  This  h.is  been  realized  by  inte- 
grating the  Cc>mm.md  and  Telemetry  systems  into  a 
set  of  display  panels  which  show  the  configura- 
tion of  the  communications  modes  of  each  satel- 
lite, indicating  binary  switch  positions,  signal 
levels  at  various  points  in  dR,  real  time  clock 
monitoring,  dish  pointing  angles,  attitude  con- 
trol corrections,  and  similar  functions.  An 
integral  part  of  the  display  panels  is  the  com- 
mand generator  which  h.as  push  buttons  and  data 
switches  located  on  the  panel  adjacent  to  related 


telemotry.  key  Kuardin>i  is  proviJeJ  co  prevefif 
un.iuthoriied  aiivl  the  commaiul  ^ener.it.’r 

is  Jesi^neil  so  that  onl>  eormnmieat  ions-rolated 
oommaiKls  can  be  output. 

SPATIAL  ACl^UlSn  ION 

In  order  to  establish  the  satellite-to- 
satellitc  crosslink,  W>th  s.itellite  antenna  b*>re- 
sijihts  must  first  be  simultaneously  brought  to 
within  O..SS  degrees  of  the  line  of  sight  (LOS) 
l>etween  the  spacecraft  si>  that  sp.itial  pull-in 
can  occur.  Simultaneity  is  .1  reijuirement  since 
each  spacecraft  is  tiie  beacon  for  the  other  to 
pull-in  and  track  on.  Once  spatial  actpiisition 
has  been  accompi i shed , the  full  antenna  gain  is 
.ivailable  to  enhance  freijuency  .icquisit  ion. 

riie  c.irtoon  shown  in  Figure  vlej>icts  how 
the  spatial  .ind  frequency  uncertainties  are 
resolved  aiitom.it ica  1 ly.  The  satellites  are  shown 
with  antenna  beams  prc-pointed  to  lie  along  the 
calculated  LOS.  Tolerances  on  orbit  fit,  \tti- 
tude  Control  and  deformation  of  the  satellite 
structure  due  to  thermal  and  "zero-G"  stress 
total  to  about  M degree  so  that  these  initial 
pre-point  angles  can  be  in  error  by  that  amount. 
To  overcome  these  errors,  the  satellites  are 
commanded  to  begin  incrementally  searching  a 2.1 
X 0.5  degree  .irea  centered  about  the  direction  of 
best  available  information  in  0,7  degree  • steps . 
The  spatial  scans  of  both  spacecraft  are  not 
s.mchroni zed  so  that  one  spacecraft  scans  at  a 
rate  sixteen  times  slower  than  the  other  to  allow 
the  fast  scan  satellite  to  complete  its  15  posi- 
tion scan  before  the  slow  scan  satellite  incre- 
ments to  a new  position.  The  fast  scan  space- 
craft takes  0.5  seconds  to  reach  a new  pointing 
po«.\tiv>n  and  maintains  that  direction  for  2.?> 
seconds.  In  this  way  adequate  time  is  provided 
for  the  receivers  to  sweep  the  full  frequency 
uncertainty  without  s>Ticbronizing  the  frequency 
sweeps  to  either  spatial  scan.  Should  the  bore- 
sight  P /N  degrade,  both  spacecraft  can  be 
scanned  at  half  the  normal  rate  (by  command) 
allowing  time  for  two  frequency  sweeps  with  1 
resulting  improvement  in  the  probability  of 
spatial  and  frequency  acquisi  t i<»n . 

CROSSLINK  BLOCK  DIAi;R.VM 


A simplified  functional  block  diagram  of  the 
crosslink  system  is  presented  in  Figure  (1).  The 
required  transmit/receivo  antenna  gain  is  pro- 
vided by  an  18-inch  parabolic  reflector  illumin- 
ated by  a circular-polarized  feedhorn.  The  beam 
is  electronically  ’’squinted"  0,07  degrees  by 
sequentially  energizing  pairs  of  bi-fdi.isc  modu- 
lators which  are  connected  to  offset  feeds  th.it 
have  20  dB  coupling  to  the  main  feed.  ITie  beam 
squinting  impresses  amplitude  modulation  on  the 
k-band  received  signal  for  sources  off  boresight. 
After  mixing  down  to  IF  (3  MMz)  an  AGC  amplifier 
normalizes  the  AM  waveform  so  that  variations  in 
sign.il  level  due  to  the  antenna  pattern  and 
crosslink  range  are  elimin.itcd.  Ibe  AM  sign.il  is 
then  bandpass  filtered  and  detected  in  synchro- 
nism with  the  modiil.itor  drivers  to  produce 
azimuth  and  elcv.ition  error  signals.  ITiesc 


r<quic  3.  5PAnAL  ACQinSlUC^ 

signals  are  used  in  a closed  loop  fashion  with  the 
signal  from  the  other  spacecraft  as  a reference  to 
provide  s.« t e 1 1 1 to- to-satel  1 i t e autotracking.  Ampli- 
tude modulation  the  transmit  signal  caused  by 
bi-phase  modulator  effects  at  the  transmit  fre- 
quency is  indistinguishable  from  real  mispointing 
.and  is  eliminated  by  including  notch  (band-stop) 
filters  between  the  bi-phase  modulators  and  the 
offset  feeds. 

The  antenna  pointing  direction  is  controlled 
by  the  position  of  a flat  reflecting  plate  placed 
in  front  of  the  p.irabolic  dish  to  re-direct  the 
focused  beam  (Fig.  5).  The  flat  reflector  is 
mounted  to  .1  gearlcss  bi-axial  drive  which 
utilizes  resolvers  as  a reference  in  the  pointing 
control  feedback  loop  to  pre-point  the  antenna. 

Shaft  torque  and  damping  .ire  provided  by  brush- 
loss  dc  torquemotors  and  Tachometers  while  an 
azimuth  .i\is  wire  cross-over  eliminates  the  need 
for  slip  rings.  Since  the  antenn.a  feed  network 
does  not  rotate  with  the  reflecting  plate,  the 
lobing  axes  ch.mgc  with  plate  orientation  so  that 
the  pi)inting  error  signals  must  be  put  through  a 
c«)ordinate  rotation  to  realign  the  electrical 
lobing  axes  with  the  non-rotating  feed  axes.  The 
functions  of  error  signal  electronic  rot.ation, 
beam  pre-pointing,  spatial  scan  control  and 
autot r.icking  arc  all  provided  by  the  Pointing/ 

.Sc  in  control. 

l^/bjn^J^'cd 

l*he  five  horn  feed  assembly  is  shown  in  Fig. 
fb).  The  mechanical  support  and  alignment  mech- 
anism utilizes  sl.int  and  slotted  ways  to  adjust 
the  feed  horn  assembly  to  within  ■♦0.002  inches 
later. illy  and  *0.10  degrees  angularly.  The 
center  feed  design  incorporates  a crossed  septum 
which  increases  the  lobing  error  slope  bv  increas- 
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4.  CROSSLINK  SYSTEM  SLOCK  DIAGRAM 


PARABOLIC  DISH 


ing  the  coupling  between  the  main  and  offset 
feeds  without  reducing  the  antenna  efficiency. 
The  bi -phase  modulators  require  6S  ma  at  3 volts 
to  provide  180  degrees  RF  phase  shift  and  are 
driven  by  100  Hz  square  waves  shifted  by  90 
degrees  to  each  other  such  that  .360  degrees  of 
antenna  lobing  occurs  in  four  steps  at  a 100  Hz 
rate.  The  effect  of  energizing  the  phase  modu- 
lators is  shown  clearly  in  the  antenna  patterns 
in  Fig.  Here  opposite  pairs  of  modulators 

have  been  energized  prior  to  recording  a puTc 
azimuth  pattern  with  a resulting  "squint"  in  the 
pattern  of  about  t0.07  degrees.  The  antenna 
lobing  characteristics  are  presented  in  Fig.  (8) 
The  concentric  lines  are  contours  of  constant 
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pcivont.1^0  VM  itui  'ihi'U  ilu*  \ari.jtioti  in  lohin^ 
sensitivity  ii»  he  less  than  *in  pereont  k\ithin 
one  degree  of  heresight.  (he  radial  lines  arc 
contours  «»f  constant  VM  phas^•  ,nid  shtiw  the 
electrical  lohing  <ves  i<>  he  within  ten  degrees 
of  arthogon  1 1 itv.  Keducing  these  imperfect  ions 
to  be  within  the  total  autotrack  amplitude  and 
phase  variation  stahilitv  budget  of  ‘riO  percent 
and  degrecN  reijuires  the  axi.il  ritio  of  eacli 
feed  to  be  fine-tuned  xo  better  than  (l.S  dH.  In 
addition,  ferrite  isolators  are  required  in  the 
waveguide  runs  leading  to  the  liMnsmitter  and 
receiver  a that  any  reflection  from  the  diplexer 
bandpass  filters  will  not  upset  the  axi.«l  ratio. 


The  K-Hand  rec<  j\’i‘r  con^'i  -fs  .^f  j tiv,>  ihoile 
balanced  mixer  followed  by  a J lill.*  transist  -r 
amplifier  providing  a " ilR  trout  end  noise  figure. 
In  order  to  minimize  waveguide  and  circuit  losses 
and  reduce  the  probability  t»f  radiative  interfer- 
ence, the  receiver  is  built  an  integrated 
mechanical  unit  physically  iftavhed  to  the  antenna 
feed  assembly.  After  frei|uency  conversion  to  a 
MHl,  the  signal  is  passed  through  an  attentuator 
which  eliminates  the  [>ossibility  t'f  sidel<»l>e 
acquisition  by  reducing  the  signa  I - to-noi so  r.  tin 
at  lb  due  to  sidclobe  radiation  below  the  S/\ 
required  to  sp.itially  puU-in.  Ihe  attentuator 
is  adjustable  by  Command,  prior  to  sp.itial  acquisi- 
tion, in  5 dB  Steps  over  a dB  range  such  that 
boresight  autotracking  is  assured  f«ir  any  central 
separation  angle  greater  than  1 viegree. 

CROSSLINK  AUTOIRACk  RUl.lVLR 


The  input  to  the  aiitotravk  receiver  is  a 
nrSK  modulated  3 MM.-  signa)  from  the  step  attenu- 
ator which  also  contains  satellite  t>  satellite 


aut'^track  pointing  information  in  the  AM  impressed 
upon  it  by  tlie  lobiiig  Iced.  An  ACl!  amplifier  is 
employed  to  eliminate  variations  in  received 
signal  level  without  affecting  the  percentage  AM 
so  that  the  resulting  waveform  at  the  ACC  output 
is  linearly  proport  ii>nal  to  angle  off  boresight. 

In  order  to  stay  within  the  allowalile  pointing 
system  inter-axis  cr»»ss-coupl  uig,  the  \CC  was 
carefully  tailored  to  introduce  a minimum  phase 
shift  to  the  100  h’  tracking  sign.il  due  to 
changes  in  input  levels  (-\M  to  I’M  conversion) 
while  >rill  pia>vidiny  the  required  dH  dynamic 
range  and  350  JB/sec  I'.jfc  to  accomminlate  tlie 
antenna  charact eri s t i cs  during  spatial  pull-in 
and  tracking.  Die  measured  effects  of  the  ACl‘ 
amplifier  on  the  amplitiule  and  phase  shift  of 
the  100  I!:  pointing  signal  is  shown  in  Tig.  (0). 
The  total  servo  amj'litude  and  phase  response  v>f 
the  entire  crosslink  .lutotrack  receiver,  including 
the  pre-synclironou>  detcct.’r  100  Hz  bandpass 
filters  and  post -derect<u-  3. .5  Hz  low-pass  filters 
and  dc  amplifiers  is  shown  in  !'ig.  ilO).  Inter- 
pretation of  f igs.  (O')  and  '101  is  significant 


Af.irUTUVl  AVT  P/(A5r  sum  Cl  ^CO  U:  UOVULATIOU 


riquU’  10.  Sm’O  AMPLITHpr  AVT  PHA5r  Rf^PPV^F 


Phase  $Hif  T , 


bevr.msc  the  *.Ut'ference  in  stability  reducing  stored  in  the  command  registers  and  is  initiated 

mechanisms  between  the  AGC  loop  and  the  rest  of  by  transmission  of  the  SC/VN  START  command.  Four 

the  crosslink  receiver  is  evident.  The  AGC  loop  scan  rates  are  available  from  2.S  to  89.6  seconds 

reduces  system  stability  by  shifting  the  phase  of  per  step.  The  crosslink  autotrack  mode  (TRACK) 

the  100  M:  tracking  signal  and  thereby  introducing  uses  the  error  signals  derived  by  the  autotrack 

channel  cross-coupling  prior  to  synchronous  receiver  to  control  the  position  of  the  antenna, 

detection.  The  receiver  filters  insert  an  ampli-  The  coordinate  rotation  required  to  unravel  the 

tude  and  ph.iso  response  in  series  with  the  Aci-  cross-coupling  caused  by  having  a feed  system 

muth  and  blevation  channel  servo  loops  leading  to  which  does  not  rotate  with  the  antenna  is  given 

a direct  reduction  in  stability  margin.  by  the  following  equations: 

The  outputs  from  the  crosslink  autotrack  AZ  error  = Z cos  AZ  + Z,  sin  AZ 

receiver  arc  dc  voltages  proportional  to  the  * 

antenna  beam  misalignment  from  the  l.O.S.  which 

have  the  appropriate  polarity  to  cause  the  I'L  error  = Z.,cos  AZ  - Z sin  AZ 

reflecting  plate  to  move  and  reduce  the  misalign-  “■  ^ 

ment  to  ;ero.  where  and  Z,  are  the  azimuth  and  elevation 

channel  error  signals  from  the  autotrack  receiver. 

POiNTl Ntj/_Si;_AN 

liigital  integration  is  included  in  the  point- 

I'hc  operating  mode  of  the  pointing  system  is  ing  control  to  overc(,)me  friction  drag  in  the  biax 

selected  by  ground  Command  and  implemented  by  the  and  to  compensate  for  mechanical,  magnetic,  and 

Po int ing/Scan  Control.  A simplified  block  dia-  electrical  biases  in  the  system.  !SS0  IC's  mounted 

gram  of  the  Azimuth  axis  portion  of  the  Control  on  16  multilayer  P.C.  hoards  are  required  to  build 

is  shown  in  Fig.  (11).  In  the  Acquisition  Mode  this  equipment,  which  also  includes  back-up  modes, 

(ACQ)  closed  loop  error  signals  to  pre-point  the  telemetry  points,  and  bia.x  overfemperature  safety 

antenn.a  are  derived  from  the  differences  between  circuits  not  detailed  in  this  paper, 

the  desired  pointing  direction  and  the  actual 

pointing  ;mgles  provided  by  resolvers  located  in  BIAX  DRIVF. 

the  biax  drive.  The  ACQ  mode  is  initiated  by 

placing  the  desired  pointing  angles  into  the  A cross  section  of  the  azimuth  portion  of  the 

command  registers  via  the  Command  system  and  biax  drive  is  shown  in  Fig.  flZ).  The  mechanical 

verifying  correct  reception  via  Telemetry  and  design  accommodates  orienting  the  tachometer  and 

executed  by  transmission  of  the  ACQ  command.  In  torquemotor  permanent  magnets  to  minimize  their  net 

the  SC.AN  mode  the  antenna  is  spatially  scanned  by  magnetic  moment  so  that  the  torque  exerted  on  the 

digitally  adding  ROM  (read  only  memory)  generated  spacecraft  due  to  the  interaction  with  the  earth’s 

pointing  angles  to  the  ACQ  mode  signals.  The  magnetic  field  is  small  compared  to  ♦‘he  other  dis- 

SCAN  is  an  incremental  spiral  about  the  angles  turbances  affecting  the  Xttitude  Control  system. 
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The  small  clearances  associated  with  the  tachom- 
eter, torquemotor,  resolve  vind  labr>Tith  require  a 
ball  bearing  supported  Kene^stcel  shaft  to  provide 
adequate  mechanical  stiffness  to  prevent  physical 
contact  of  internal  parts  during  launch.  The 
labrynth  is  a 0.005  inch  gap  about  one-half  inch 
long  which  controls  the  out  gassing  rate  of  the 
ball  bearing  lubrication.  Since  this  is  a direct- 
drive,  low  tonpie  system,  the  drag  (toniue  load) 
of  a wire  harness  cannot  be  tolerated.  The  wire 
crossover  is  a thirty-six  conductor  device  which 
provides  electrical  connection  through  the  azi- 
muth shaft  and  to  the  axis  in  a h>w  torque  fash- 
ion. The  design  tind  construction  of  the  elevation 
axis  is  similar  to  the  azimuth  except  that  a wire 
crossover  is  not  needed  since  the  angular  range 
is  less  (10  degrees  vs.  lOl  degrees). 

Since  the  biax  assembly  is  by  nature  of  its 
function  external  to  the  main  spacecraft  body,  a 
separate  thermal  control  system  is  required  to 
prevent  excessive  lubrication  depletion  by  outgas- 
sing  and  to  minimize  thermally  induced  component 
stress.  Proportional  control  heaters  maintain 
body  temperature  at  *10®1'  during  shadow,  while 
thermal  radiators  are  sized  to  limit  the  maximum 
temperature  during  solar  heating  to  +55®C. 

Thermal  c.ins  and  multilayer  thermal  blankets  arc 
utilized  extensively  to  minimize  the  heater  power 
requirements  and  radiator  size. 

SIC.NAT  ACQUISIT ION 

After  spatial  acquisition  of  the  crosslink 
antennas,  the  crosslink  signal  must  be  acquired. 

The  signal  between  UiS-8  and  is  a carrier 

nrSK  modulated  at  command-selectable  rates  of 
either  10  or  100  kb/s.  The  data  format  is  the 
s;imc  for  both  rates  and  timing  is  synchronized  to 
the  on-board  rea I -l ime-c lock . Die  frame  format 
is  described  in  Fig,  (15).  The  first  bit  in 
every  frame,  always  a one,  is  used  for  establishing 
fr.amc  synch,  to  be  described  later;  the  second 
hit  is  low-rate  data  which  is  command-soicctablc 
from  one  of  four  sources;  the  third  bit  is  multi- 
plexed between  telemetry  d-ita  and  slip/sequence 
data  used  in  ground  monitoring  of  crosslink  sync; 


the  fourth  bit  is  telemetry  data  from  the  cross- 
link satellite;  the  remaining  46  bits  are  user 
hits. 


— I f fOfTie  s 50  bits 


SampJing  Receiver  o»  DgPSK  DemcrJ  Output 
Te'»*'>i*»'v  - p - 5eq..ence  (fro"'  crossimhl 
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Frequency  uncertainties  due  to  angular 
separation  (one  degree  per  day  causes* over  one 
kilohertz  Doppler  shift)  and  eccentricity  (0.01 
eccentricity  causes  almost  tA  kilohertz  Doppler 
shift)  are  accommodated  by  a ♦S  kHz  search  range 
of  a 2 (iHz  voltage-controlled  crystal  oscillator 
(VrxO).  Che  resulting  .>  IF-  is  limited  and 
mixed  down  to  baseband  inphase  and  quadrature 
components.  The  box  labelled  "DF.TFCTORS"  in  the 
block  diagram  determines  the  presence  of  system 
phase  lock,  unmodulated  signal  or  modulated 
carrier.  The  receiver  is  closed  as  a second- 
order  phase- lock  loop  which  holds  lock  for  P 
58  dR-Hz.  After  acquiring  frequency  and 
phase,  the  "BIT  SYNC  PLI."  adjusts  bit  timing  in 
1/5  microsecond  steps  to  optimally  sample  the 
data  matched  filters. 

Since  the  first  bit  in  each  crosslink  frame 
is  a one,  frame  sync  is  found  by  testing  succes- 
sive bit  positions  for  the  presence  of  a predom- 
inance of  ones  in  sequential  frames.  Two  modes 
arc  used,  acquisition  and  monitor.  In  the  initial 
acquisition  mode,  a position  is  tested  in  52 
successive  frames.  If  seven  or  more  positions 
are  not  ones,  the  timing  slips  one  hit  and  test- 
ing resumes.  Fvcntually  frame  acquisition  will 
switch  the  system  into  the  monitor  mode.  The 
system  still  counts  zeroes  but  will  reject  the 
sync  point  only  if  more  than  102  zeroes  are 
found  in  256  consecutive  frames.  Loss  of  s>*nc 
and  switching  to  the  acquisition  mode  uses  a 
criterion  almost  twice  as  strict  as  that  for 
entering  the  monitor  mode. 


A block  consists  of  four  Low  Rate  Data  bits, 
noted  in  Fi^.  (lo"),  accumulated  from  four  consecu- 
tive fiMines.  Block  sstic  is  established  by  identi- 
fying the  parity  bit  corresponding  to  the  three 
previous  data  bits.  The  crosslink  frame  sync  proc- 
ess averages  2.3  seconds  in  the  10  Kb/s  mode 
lO.OS  seconds  in  100  Kb/s),  while  block  sync  takes 
5 to  10  seconds. 

In  order  that  the  data  bit  stream  from  the 
crosslink  can  be  interleaved  with  the  data  bit 
stream  from  the  satellite's  own  uplink,  synchro- 
nization requires  buffering  the  crosslink  data 
stream.  In  addition,  the  buffering  will  not  be  a 
constant  delay  due  to  relative  motion  of  the 
satellites.  Adjustable  buffering  is  provided  by 
an  "elastic  shift  register"  into  which  crosslink 
data  bits  are  inserted  at  a time  varying  rare 
determined  by  the  crosslink  data  rate  and  the 
crosslink  delay,  and  from  which  data  bits  are 
extracted  at  the  downlink  rate. 

H_LA_ST  I_C 

A block  diagram  of  the  elastic  shift  register 
is  shown  in  Fig.  lid).  The  Up/Down  Counter 
controls  which  bit  of  the  64  bit  shift  register 
is  selected  to  appear  at  the  Data  Output.  For 
example,  if  the  number  in  the  Up/Down  Counter  is 
35,  then  A35  is  selected  for  the  Data  Output. 
Whenever  an  Input  Clock  pulse  is  received,  two 
things  happen: 

1.  The  Input  Data  bit  is  shifted  into  QO 
and  all  other  bits  in  the  Shift  Register  move 
over  one  bit,  e.g.,  the  information  bit  stored  in 
Q35  moves  to  Q36. 


2.  The  Up/Down  Counter  increases  its  count 
by  one  and  causes  the  selector  to  move  over  one 
bit,  e.g.,  if  the  selector  was  selecting  Q35,  it 
is  now  selecting  ()3o. 

It  should  be  apparent  that  there  is  no  net 
change  in  the  Data  Output  as  a result  of  the 
Input  Clock  pulse,  i.e.,  as  an  information  bit 
moves  dowTi  the  Shift  Register,  the  selector  moves 
with  it,  keeping  the  Data  Output  constant. 

Wlien  an  Output  (!lock  pulse  is  received,  it 
decrements  the  Mp/Dowii  Counter  by  one  and  thus 
causes  the  selector  to  move  one  bit  to  the  left, 
e.g.,  if  the  selector  was  selecting  Q36,  it  is 
now  selecting  Q35,  which  contains  the  next  infor- 
mation bit.  It  does  not  affect  any  information 
stores  in  the  Shift  Register. 

Notice  that  there  is  no  requirement  that  the 
Input  and  Output  Clock  I’ulscs  alternate  and  that, 
ignoring  for  the  moment  the  problems  of  end- 
runover  and  t ime-eoincidence  of  Input  and  Output 
Clock  pulses,  the  input  and  output  terminals  arc 
completely  independent  and  may  be  operated  asyn- 
chronously at  different  frequencies. 

The  time-coincidence  problem  is  handled  by 
sending  the  Input  Clock  pulse  through  a special 
synchronizer  which  delays  it  if  necessary  to 
avoid  coincidence  with  the  Output  Clock  pulse. 

Obviously,  if  the  Input  Clock  rate  exceeds 
the  Output  Clock  rate,  more  information  will  be 
inserted  into  the  FSR  than  is  extracted  and  a 
means  of  "dumping"  the  excess  information  is 
required.  Similarly  if  the  output  rate  exceeds 
the  input  r.ite,  the  FSR  will  he  drained  of  infor- 


64  BIT  SHIFT  REGISTER 


6 BITS  TBIT  50  Bits  IBiT  6 BITS 
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}4.  ELASTIC  SHIFT  REGISTER 


mation  and  a moans  of  "cro.Jt  ing"  more  information 
is  needed.  In  order  to  avand  disturbing  the 
frame  syixc  system  of  ground  terminals,  entire  50- 
hit  frames  are  deleted,  to  effew't  a "dumping”  of 
information,  or  repeated,  to  effect  the  "creation" 
of  information.  A deletion  is  accomplished  by 
decrementing  the  Up/Hown  Counter  by  50  which 
makes  the  selector  skip  over  50  bits  which  are 
subsequently  lost  forever.  \ repetition  is 
accomplished  by  incrementing  the  l)p/!>own  llounter 
by  50  which  makes  the  selector  move  50  bits  to 
the  right.  In  this  case  the  selector  jumps  back 
over  the  50  bits  which  had  been  previously  output 
and  uhicli  will  now  be  output  again. 


Other  system  cv>nsiderat  ions  dictate  that  the 
HSR  give  the  grx>und  terminals  some  warning  of  an 
impending  deletion  or  roper i t i-ni . The  warning 
convention  ado[>ted  is  that  the  HSR  will  send  a 
delete  or  repeat  warning  message  through  Felemctry 
and  through  the  third  frame  for  the  one-second 
interval  immediatelv  preceding  t!ic  actu.il  deletion 
or  repetition  which  occurs  on  the  one-second 
"tick"  of  the  real  time  clock. 


The  o4  bits  of  the  l:SR  may  be  conceptually 
divided  up  as  shouii  in  l ig.  |14).  If  the  selector 
is  found  pointing  to  a bit  in  the  upper-end  zone 
at  the  end  of  a one-second  interval,  a delete 
warning  message  is  initiated  and  at  the  end  of 
the  one-second  warning,  the  Up/Down  Counter  is 
decremented  by  50,  which  moves  the  selector  back 
to  a bit  which  is,  by  necessity,  in  the  center 
zone.  Similarly  when  the  selector  is  found  in 
the  lower-end  zone,  a repeat  warning  message  is 
initiated  after  which  the  Up/[>own  Counter  is 
incremented  by  50,  which  moves  the  selector  back 
into  the  center  zone.  One  hit  dead  zone  is  added 
at  either  end  of  the  center  zone  to  prevent  the 
HSR  from  unnecessarily  repeating  and  deleting 
frames  under  low-I>opplcr  conditions.  Because  of 
the  discrete  nature  of  the  "BI  1‘  SYNC  PHL"  the 
crosslink  clock  is  adjusted  in  1/.5  microsecond 
increments. 


The  heart  of  the  I-.SR  control  system  is  a 
divide-by-50  counter  whose  count  runs  from  " to 
5b  instead  of  0 to  40.  This  r.ingc  of  number 
corresponds  to  the  center  zone  of  the  H.SR.  Ulien 
the  system  is  synchronized,  the  contents  of  this 
counter  will  indicate  the  position  of  the  sync 
bit  in  the  center  zone  of  the  HSR  (since  the 
center  zone  has  50  bits,  there  is  always  one  sync 
hit  in  it).  Accordingly,  this  counter  operates 
off  the  Input  ('lock,  i.e.,  when  an  input  data  is 
inserted  into  the  HSR,  all  the  bits  in  the  shift 
register  move  over  one  bit,  the  Up/Iiown  Counter 
increments  by  one,  and  the  sync  counter  increments 
by  one.  At  one-second  intervals  the  contents  of 
the  sync  counter  are  jam  loaded  into  the  Mp/I'oum 
counter.  This  means  that  the  up/down  counter 
and,  consequently,  the  data  selector  are  forced 
to  select  a sync  bit  at  the  beginning  of  a one- 
second  interval,  and  this  also  means  that  the 
beginning  of  a frame  coincides  with  the  beginning 
of  a one-second  interval. 

If  the  HSR  was  previously  operating  in  the 
center  zone,  there  is  no  change  in  the  Up/I><^wn 


Counter.  If  the  1 SR  is  in  either  dead  zone  the 
jam  loading  is  inhibited.  If  a slip  warning 
message  has  been  sent  (which  implies  that  the  HSR 
is  in  an  end  zone)  the  jam  loading  is  enabled  and 
the  HSR  is  forced  to  the  center  zone.  If  the 
system  is  already  synchronized,  the  l.SR  is  moved 
from  selecting  a sync  bit  in  the  end  zone  to  a 
sync  bit  in  the  center  zone,  which  is  a jump  of 
exactly  50  bits.  Thus  a slip  of  5U  bits  is 
achieved  via  the  modulo-50  property  of  the  sync 
counter--no  explicit  addition  or  subtraction  of 
50  to  the  contents  of  the  llp/Oown  Counter  is 
required.  If  the  system  is  not  previously  synchro 
nized,  the  i^SR  is  still  forced  to  a position 
which  represents  the  sync  counter's  tentative 
estimate  of  where  tlie  sync  bit  is.  When  The  sync 
counter  ultimately  achieves  synchronization  the 
l.SR  will  .liso  be  ssmehroni zed  at  the  next  one- 
second  tick.  Because  the  HSR  is  updated  only  at 
one-second  intervals,  the  HSR  phase  telemetry  is 
not  an  adequate  measure  of  the  progress  of  the 
system  in  acquiring  sync. 

Initially,  the  sy.ic-counter  is  adjusted  to 
ultimately  contain  the  position  of  the  s\bic  bit 
by  making  it  ignore  a single  clock  pulse  whenever 
the  s\Ttc  system  concludes  that  the  sync  counter 
does  not  yet  ha\e  the  correct  position  of  the 
sNiic  hit.  Tliis  effectively  decrements  the  sync 
counter  by  one,  which  means  that  the  ssaic  counter's 
estimate  of  the  position  of  the  sntic  bit  is  moved 
one  bit  to  the  left  in  the  H.SR,  or  in  other 
words,  it  is  now  trying  a hit  position  which  is 
later  in  time.  When  searching  for  the  sync  bit, 
it  is  preferable  to  search  from  early  to  latc  so 
that  generally  the  sync  bit  is  encountered  and 
tested  before  any  of  the  low-rate  hits,  which 
might  possibly  cont.iin  a preponderance  of  I's  and 
c.iuse  a false  s>*nc  condition. 

MOMTORINT.  .AMI  _C0NTRmXI_M;_  4]I1_ 

I.arly  in  the  development  of  HHS-8/9  it 
became  apparent  that  some  practical  way  of  keeping 
track  of  the  various  states  of  the  satellites  was 
needed.  ibis  was  not  only  .ipparent  with  single- 
satellite tests,  but  seemed  imperative  with  dual- 
satellite tests  involving  the  crosslink.  A 
system  developed  to  use  the  existing  command  and 
telemetry  links  to  the  satellite  soon  proved  to 
be  indispensable  in  extensive  exercise  of  the 
communications  subsystems  of  I.HS-8/9. 

A photograph  of  the  major  panel  displaying 
communications  commind  and  telemetry  is  shown  in 
Fig,  (15).  This  panel  links  a Mock  diagram  of 
the  satellite  communications  system  with  appro- 
priate commands  and  telemetry  so  that  a user  can 
note  some  change  that  is  required,  push  a button 
to  flip  a relay  or  set  a data  source  for  instance, 
and  then  note  the  confirming  telemetry  after  the 
command  has  been  received  in  the  satellite  and 
the  telemetry  has  returned  to  the  ground  station. 

In  this  manner  the  user  can  note  possible  effects 
of  commands  before  actually  sending  them,  since  a 
block  diagram  is  there  to  functionally  indicate 
interactions  which  may  not  always  be  obvious.  It 
is  also  an  operating  convenience  to  have  a light 
change  state  shortly  after  sending  a command  to 
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confirm  its  proper  reception.  The  entire  set  of 
LI-.S-8/9  Commani cat  ions  Command  and  Telemetry  dis- 
play panels  is  sho^-n  in  Fifi.  (lO).  This  arrange- 
ment is  particularly  well  suited  to  the  establish- 
ment and  maintenance  of  a crosslink  since  c»*oss- 
link  pointing  angles  are  converted  frvim  raw  telem- 
etry to  decimal  degrees,  along  with  attitude  con- 
trol system  roll  and  pitch  information  to  allow 
quick  interpretation.  Associated  commands  are 
also  interleaved  with  telemetry  on  the  panels  so 
that  logical  operation  can  occur.  A close-up  of 
the  crosslink  pointing  panel  is  shown  in  Fig.  1 171 
In  using  this  panel  to  establish  a crosslink,  the 
user  first  initializes  a mini-computer,  primarily 
used  by  the  Cv'^'municat ion:  modem,  with  attitude 
control  references  as  displayed  on  a panel  below 
the  crosslink  par''l.  The  mini-computer  now  can 
send  crosslink  pointing  command  data  bytes  to  the 
command  system  input  storage  in  each  rack.  This 
transfer  is  initiated  by  the  user  and  each  com- 
mand input  accepts  only  pointing  information  for 
the  satellite  it  is  to  command.  This  stored  data 
is  then  converted  as  it  would  be  if  sent  to  the 
satellite  and  displayed  in  two  windows  labelled 
A3I\fIJTM  and  FLFV'ATION,  Computed  Pointing.  A 
toggle  switch  can  select  either  this  data  or  man- 
ual data  which  in  the  case  of  comp\itcr  failure, 
for  instance,  can  be  sent  by  pushing  either  the 
azimuth  or  elevation  push  button  command  load 
in  the  block  diagram.  The  next  set  of  windows  to 
The  left,  COMMAND  nnSIC.NATF.  MFMORY,  is  a telemetry 
display,  suitably  converted  to  decimal  degrees,  of 
the  received  angle  command  in  the  sateliitc  just 
before  it  will  be  used  to  point  the  antenna  in  the 
acquisition  mode.  This  display  should  match  the 


computed  pointing  display  to  verify  correct  data 
Transfer.  Pushing  the  F.XECUTF  button  transfer 
this  angle  data  to  the  dish  which  moves  to  the  new 
angle.  If  the  other  dish  is  also  pointed  correctly 
the  energy  light  will  come  on  and  autotrack  can  be 
engaged.  The  Dish  Pointing  and  COMMAND  DESIGNATF 
MF.MORY  angles  are  independent  in  autotrack  and  a 
user  can  note  the  reasons  for  this  on  the  same 
panel . 

hliile  these  panels  do  not  set  up  a link  or 
define  an  experimental  mode  by  themselves,  they  do 
present  the  operator  with  a clear  picture  of  the 
many  modes  of  these  satellites  and  offer  a 
straightforward  way  to  interact  with  the  satellites, 
ft  should  he  noted  that  some  additional  flexibility 
has  been  incorporated  in  telemetry  display  by  pro- 
viding randoml)"  selectable  "probes"  into  the  tel- 
emetry stream  which  can  access  any  of  the  400  tel- 
emetry wi-*rds  and  display  these  12-bit  binary  words 
in  a number  of  formats,  a "rule"  taking  the  form 
of  MX  + B where  X is  the  raw  telemetry  value. 

Using  this  tool,  we  can  monitor  oscillator  tempera- 
tures in  degrees  Centigrade,  K-band  power  in  milli- 
watts, or  converter  outpvits  in  volts  or  amps,  just 
to  give  examples  of  this  useful  feature. 

As  an  aid  in  setting  up  a crosslink,  for 
example,  this  system  allows  a crosslink  to  be  es- 
tablish in  less  than  15  minutes,  even  for  non-zero 
roll  and  pitch.  Simple  mode  changes  take  a few 
seconds.  Telemetry  is  always  at  hand  to  allow 
noting  system  configurations  as  quickly  as  possible. 
In  the  case  of  a hardware  failure,  a single  rack 
can  be  used  with  either  LES-8  or  LFS-9  by  throwing 
a single  switch. 
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r stripped  dit.i  fiv'in  a downlink  otherwise  used 
‘ eommiin i V.  1 1 i 'n*^,  either  .it  UHl  or  k-h;ind.  Uie 
d.it  I viuhr ‘HI  < r usfd  reipiircs  only  input  telem- 
- t diti  .iiid  I I Mil-  .)seill.itor  input.  Displ.iys 
:«i'te  the  'veurrenci  .■!*  hit  sync,  t'ronie  syne  .md 
p,iriT\  on  -rs.  \tter  synchron  i 2;it  ion  , 12-lut 
vliti  {>yti-s  itni  li^-hit  addresses  ;ire  sent  to  the 
•M-  a-iss  iny  hai'ilwire  i\  r t'orm.itt  inj»  ;ind  conversion 
t ’ a usahle  di-pi  ay.  S’liie  conversion  is  simple 
].r»;jc  idnJe  ‘ i;u-  is  fairly  complicated,  such  as 
incle  c*nvor-is*n  >‘.n®  per  bin.iry  hit,  two*s 
. «npl' Mt  , tnd  u<es  i m i c roj^rocessor  cliip. 

Ihe  entire  telmetry  disjilay  subsystem  uses 
• b*Mit  aOO  integrated  circuits.  Die  comniand 
-;jb->.vst  em  aiMs  about  1 !i0  integrated  circuits, 
ivpual  picl-  lyes  used  in  shown  in  I ig.  ( 1 I . 

rile  coinmaiul  sul>systein  was  treated  very  care- 
fullv  t ' av'id  sending  a command  whicli  could 
prove  harmful  i.’  the  satellite.  \ subset  f the 
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total  command  list  was  choson  according  to  the 
usefulness  of  .1  command  in  establishing  a desired 
comjmmicat  ions  mode.  In  the  satellite  itself,  a 
command  can  either  enter  data  Lnto  a holding 
register,  execute  that  associated  data,  change  a 
relay,  or  produc^-.^*  digital  pulse  at  some  input. 
Because  of  the  2 “ possibi 1 it ies  for  a data 
cv»mmand,  this  command  can  only  be  [iractically 
formed  with  a logical  circuit  which  inputs  the 
desired  dat^i  and  outputs  the  bo  bits  which  make 
up  a command.  Other  commands  are  stored  in  their 
entirety  in  ROMs  and  output  as  requested  hy  the 
operator. 

To  reduce  confusion  which  could  cause  a mis- 
taken ciMnmand  to  be  sent,  the  selection  of  com- 
mands is  decided  hy  pushing  a luitton  located  in  a 
block  diagram  near  tlie  function  to  l>e  commanded. 

No  translation  from  function  to  name  to  number 
and  the  associated  notebook  listing  is  required. 

As  mentioned  before,  a confirming  telemetry 
display  is  located  nearby  to  make  douhly-sure 
that  the  satellite  was  properly  commanded. 

!his  implementation  has  also  made  ptissible 
a simplification  that  is  more  subtle.  Some 
functions  require  more  than  the  basic  12-bit  data 
c<'mmand  to  properly  change.  Ihe  command  imple- 
mentation used  knows  which  pusli  buttons  require 
I , 2 or  more  data  transfers,  formats  the  data 
from  the  panel  appropriately,  and  sends  as  many 
commands  as  necessary.  This  ability  to  input 
data  from  the  panel  and  translate  it  to  satellite 
usable  data  is  another  time-saving  fo.iture 
available  in  this  system.  I'he  system  described 
is  easily  learned  by  new  users  of  l,liS-S/9.  It  is 
a convenient  way  of  describing  various  communica- 
tions modes,  by  noting  switch  positions  and  data 
in  red  on  copies  of  the  panels.  ITiese  copies 
then  ser\'c  to  "blueprint"  the  operation  and  allow 
quick  reference  to  past  operations.  A keylock 
switch  can  disable  the  command  functions  of  the 
system  when  used  as  a telemetry-only  panel. 

Another  keyswitch  also  serves  to  disable  commands, 
such  as  setting  the  onboard  real-time  clock, 
which  are  sensitive  to  most  communication  experi- 
ments and  are  not  sent  without  strict  knowledge 
of  how  they  are  to  bo  used. 

Experience  with  these  panels  has  shown  that 
they  have  had  the  desired  result  of  allowing  the 
conductors  of  communications  experiments  to 
interact  closely  with  the  satellites  without 
adversely  affecting  other  systems  in  tlie  satcl- 
1 ites. 

Mj:ASUjlj;_n  _Pj:_RFO_R_SUN_(T, 

The  crosslink  pointing  acquisition  and 
tracking  system  performance  is  summarized  in 
Figs.  (I9a,  b,  c) . The  pre-launch  measurements 
were  obtained  by  mounting  UiS-8  and  LES-9  on  two 
axis  positioners  separated  by  sixty  feet.  Tliis 
separation  was  considered  the  minimum  necessary 
to  observe  credible  f.ir  field  antenna  performance. 

Die  data  shovm  in  Fig.  (I9a)  was  obtained 
by  pre-pointing  the  antenna  boresighi  to  generate 
worst  case  antenna  alignments  during  SCAN.  Fhe 


energy  threshold  was  enabled  to  allow  automatic 
switching  from  SCAN  to  TRACK  if  the  energy  detector 
in  the  autoirack  receiver  exceeded  its  threshold 
value.  The  resulting  relationship  shown  in 
Fig.  (19a)  is  therefore  determined  by  the  thres- 
hold setting  of  the  energy  detector  in  the 
receiver  phase  lock  loop  and  not  by  the  pointing 
equipment.  Tlie  curve  labelled  Ch  indicates  the 
impnived  pull-in  performance  that  is  available 
from  a separate  carrier  detector  in  the  autotrack 
receiver  if  the  link  degrades  for  any  reason.  It 
is  evident  from  Fig.  (19h)  that  the  improvement 
in  P /N  due  to  pull-in  is  adequate  to  ensure 
proper  bracking. 

Extensive  use  of  the  satel 1 i tc-to-satel 1 ite 
data  link  since  launch  has  demonstrated  complete 
reliability  in  all  cases.  Both  10  Kb/s  and 
100  Kb/s  links  arc  normally  operated  in  a region 
where  bit  errors  due  to  random  noise  is  less  than 
a part  in  10*.  To  compare  present  performance  with 
that  prior  to  launch,  each  dish  was  pointed  to 
earth  and  a crosslink  was  established  between  a 
satellite  and  a ground  station  simulating  another 
satellite.  Data  gathered  in  this  way  is  compared 
to  pre-launch  data  and  shown  in  Figs.  (20a,  b) 
for  LKS-9.  The  crosslink  has  now  been  used  to 
relay  commands,  telemetry,  low-rate  and  high-rate 
communications  simultaneously  in  both  directions. 
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^The  LES-8  ami  -9  aatellneH  .ire  three-axta  atabilircfl  carth'orbit  spacecraft  which  provide  communications  at  ITIF  and  K -iTand 
frequencies  with  the  capability  of  simultaneoua^  establishing  and  automatically  maintaining  a K -band  (3h~3H  (Utzl  satellite -<o>satellite 
data  link.  The  lnter>satellite  data '^roasllnk'cxtends  the  earth  coverage  over  that  which  a single  satellite  can  provide  and  demon- 
strates  how  a global  communications  system  might  be  realized  without  the  restrictions  imposed  bv  ground  relay. 

(his  report  describes  the  operation  and  characteristics  of  the  lobing  antenna  and  pointing  control,  the  solid  state  transmitters  and 
receivers,  the  autotrack  receiver  ami  elastic  shift  register.  Ground  based  and  post -launch  rest  results  of  pointing  ami  communication 
systems  are  presented.  Also,  a user -oriented  system  Is  described  which,  among  other  featun^s,  allows  an  operator  to  easily  establish 
A crosslink  from  the  ground  terminal  using  pointing  angles  calculated  by  a small  computer  from  spacecraft  derived  earth  pointing 
parameters.  ^ 
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